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f f e w t e a * &« L. C l d r i g h t , and R o b e r t D. f r a d f o r C 
A s s i s t a n t D i r e c t o r of R e s e a r c h , D e p t . of M e t a l l u r g i c a l R e s e a r c h , U n i v e r s i t y of 
K y d r o i n e t a l i u r g i s t , TJ. 3 . Bu reau of M i n e s , I n t e r m o u n t a i n S t a t i o n . 
. R e s e a r c h F e l l o w , 1 9 2 4 - 3 5 , D e p t . of " M e t a l l u r g i c a l R e s e a r c h , U n i v e r s i t y of Utah 
The p r a t j n t eooncmio i m p o r t a n c e o f l e a d h a s g r e a t l y 
e m p h a s i z e d t h e n e c e s s i t y o f o b t a i n i n g i t from i t s low g r a d e 
o r e s . R e c e n t d e v e l o p m e n t s i n f l o t a t i o n have s i m p l i f i e d v e r y 
much t h e p rob lem a s r e g a r d s s u l p h i d e o r e s , bu t o t h e r me thods 
must be employed when o x i d i z e d l e a d o r e s a r e e n c o u n t e r e d . I n 
most o f t h e lew g r a d e d e p o s i t s , s i l v e r i n v a r y i n g q u a n t i t i e s i s 
p r e s e n t , so t h a t when d e v e l o p i n g a method o f e x t r a c t i n g t h e l e a d 
t h e s i l v e r e x t r a c t i o n must a l s o be c o n s i d e r e d . O r d i n a r y c o n c e n ­
t r a t i o n me thods a r e n o t a p p l i c a b l e t o such o r e s and t h e r e f o r e 
o t h e r p r o c e s s e s must be p e r f e c t e d . 
The d i r e c t s m e l t i n g o f t h e s e o r e s i s u n p r o f i t a b l e . The 
s m e l t e r s w i l l n o t pay f o r l e a d i n o r e s c a r r y i n g l e s s t h a n 4 t o 5 
p e r c e n t . They c a l c u l a t e t h e t r e a t m e n t o h a r g e p l u s t h e i r p r o f i t 
a t be tween $10 a n d 414 p e r t o n . One l a r g e m i n i n g company h a s 
d e s i g n a t e d a s t h e c r i t i c a l l e a d - s i l v e r o o n t e n t d e t e r m i n i n g w h e t h e r 
a n o r e may b e s m e l t e d o r m i l l e d , a s 4 . 5 t o 5*5 p e r c e n t l e a d a n d 
a b o u t 30 o u n c e s s i l v e r . T h i s i s c a l c u l a t e d from t h e f o l l o w i n g 
f o r m u l a e * 
S m e l t i n g — ( o u n c e s Au) x $ 1 9 v (*95 x #95 x o u n c e s Ag x . 6 7 ) 
* $ 7 . 7 5 ( f r e i ^ i t and t r e a t m e n t ) 
- R e t u r n s . 
M i l l i n g — ( . 8 0 x . 9 5 x o u n c e i Ag x . 6 7 ) 4 C«3°* * ( l b * p e r t o n Fb) x . 0 7 ] 
- ( 3 . 5 f . 6 7 ) 
=
 R e t u r n s . 
T h e r e f o r e t h o s e o x i d i z e d o r e s t h a t c a n n o t be t r e a t e d by 
f l o t a t i o n , whose l e a d o o n t e n t i s t o o low t o be p a i d f o r by t h e s m e l t e r s 
and whose p r e c i o u s m e t a l c o n t e n t i s i n s u f f i c i e n t t o meet a c e I t e r c h a r g e s , 
must be t r e a t e d i n o t h e r w a y s . 
O r e s o f t h i s t y p e h a v i n g an a c i d i c g a n g u e , t h a t i s , o r e s 
c o n t a i n i n g b a s e s In s u f f i c i e n t l y s m a l l amount s t o be n e u t r a l i z e d by 
SO 4 i n r o a s t i n g , w i t h enough e x t r a s u l p h i d e s t o e n s u r e good c h i o r io­
d i s i n g , and s u f f i c i e n t a c i d f o r l e a c h i n g , a r e amenab le t o t r e a t m e n t 
w i t h a c i d i f i e d b r i n e . I t was on o r e m e e t i n g t h e s e s p e c i f i c a t i o n s 
t h a t t h e f o l l o w i n g work was d o n e . 
I B B m m m — 
I n t h e u s e o f t h e b r i n e l e a c h i n g p r o c e s s , t h e b r i n e s o l u t i o n 
j s a d a i Ma* e.»lvent Wm\ s i U g l a c i d i f i e d i n o r d e r t o s jaff |Sj | t h e 
f o r m a t i o n o f b a s i c l e a d p r e c i p i t a t e s and t o r e c o v e r s a t i s f a c t o r y 
amoun t s o f t h e s i l v e r . As s t a t e d a b o v e , t h i s l i m i t s b r i n e l e a c h i n g 
t o s i l i c e o u s o r e s . Be fo re a t t e m p t i n g t o l e a c h , i t i s p r e f e r a b l e t h a t 
t h e s i l v e r and l e a d b o t h be p r e s e n t i n a r e a d i l y s o l u b l e form; e i t h e r 
a s a s u l p h a t e o r c h l o r i d e . For most o r e s , r o a s t i n g a s s i s t s t h e f o r ­
m a t i o n o f t h e s e compounds , o r o t h e r s l e s s d e s i r a b l e , b u t s t i l l s o l u b l e . 
M e s s r s . H o l t and Be rn d e s i g n e d a b l a s t r o a s t i n g f u r n a c e f o r g i v i n g s u c h 
*Lead r e c o v e r y — i t may be i n c r e a s e d from 30 t o a b o u t 90 p e r c e n t . 
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a r o a s t , and c o n t r i b u t e d t o t h e deve lopment o f a l e a c h i n g p r o c e s s 
t o h a n d l e t h e r o a t t e d p r o d u c t . Some o f t h e s t e p s i n t h e p r o c e s s 
n e e d p e r f e c t i n g and i t was t h e p u r p o s e o f t h i s r e s e a r c h t o d e t e r m i n e 
means whereby t h i s c o u l d be d o n e . However , b e f o r e g o i n g i n t o t h e 
d i s c u s s i o n o f t h e r e s e a r c h i n v e s t i g a t i o n , a b r i e f d e s c r i p t i o n o f t h e 
H o I t - D e r n p r o c e s s w i l l be g i v e n . 
ftoasflnft. 
The H o l t - D e r n f u r n a c e i s a b l a s t t y p e r o a s t e r a n d 
c o n s i s t s o f a s t e e l r e c t a n g u l a r s h e l l h o l d i n g a b o u t f i v e t o n s o f 
c h a r g e i n a bed some 30 i n c h e s d e e p . The f u e l i s mixed w i t h t h e 
c h a r g e and t h e b l a s t i s a p p l i e d a t t h e b o t t o m . The f u r n a c e o p e r a t e s 
on a b a t c h s y s t e m , t h e r o a s t e d p r o d u c t b e i n g d i s c h a r g e d a t i n t e r v a l s 
by r o o k i n g a s e r i e s of p i v o t e d a r c g r a t e s a t t h e b o t t o m o f t h e 
c h a r g e . 
The low g r a d e of t h e o r e n e c e s s i t a t e s low c o s t o f t r e a t ­
m e n t . The above f u r n a c e f u r n i s h e s a c h e a p means o f c h l o r i d l s i n g 
r o a s t i n g , b e c a u s e o f i t s low f i r s t c o s t and t h e s m a l l amount o f 
f u e l n e c e s s a r y . However , i t h a s i t s l i m i t a t i o n s . F i r s t , i t i s 
l i m i t e d t o s m a l l t o n n a g e s due t o i t s s m a l l c a p a c i t y ? s e c o n d , t h e 
amount o f l a b o r n e c e s s a r y t o c h a r g e a n d l e v e l t h e o r e I s l a r g e ; 
a n d t h i r d , i n o r d e r t o have even d i s t r i b u t i o n o f t h e b l a s t , t h e 




The s o l u b i l i t i e s of l e a d and s i l v e r s u l p h a t e s o r c h l o r i d e s 
depend upon t h e c o n c e n t r a t i o n o f t h e c h l o r i d e s i n t h e b r i n e . In 
d i l u t e b r i n e s , t h e s o l u b i l i t i e s o f t h e l e a d s a l t s a r e l e s s t h a n i n 
p u r e w a t e r , b u t I n s t r o n g b r i n e s t h e s o l u b i l i t i e s a r e much g r e a t e r . 
R e s u l t s o f M. Demass i eux* on t h e s o l u b i l i t y o f l e a d c h l o r i d e a r e 
shown i n F i g u r e 2 . The e f f e c t o f t e m p e r a t u r e can be o b s e r v e d from 
t h e f i g u r e . The p o i n t s a t t h e b r e a k s i n t h e c u r v e s , t o t h e e x t r e m e 
r i g h t , r e p r e s e n t t h e maximum c o n c e n t r a t i o n o f NaCl and P b C l 2 v h i o h 
can e x i s t a t t h e c o r r e s p o n d i n g t e m p e r a t u r e s . To t h e r i g h t o f t h e s e 
p o i n t s t h e c u r v e s r e p r e s e n t s o l u t i o n s s a t u r a t e d i n JTaOl bu t w i t h 
v a r y i n g P b 0 1 2 c o n c e n t r a t i o n s . I f F b C l 2 be a d d e d t o t h e s o l u t i o n s , 
some H a d w i l l be th rown o u t u n t i l t h e c o m p o s i t i o n r e p r e s e n t e d by 
t h e p o i n t s a t t h e b r e a k s a r e r e a c h e d . The c h l o r i d e s o f c o p p e r and 
s i l v e r a c t much t h e same a s t h a t of l e a d , g i v i n g c u r v e s s i m i l a r t o 
t h o s e o f F i g u r e 2 . 
The c u r v e s show t h a t t h e l e a c h i n g s o l u t i o n s s h o u l d be 
k e p t a t a c o n c e n t r a t i o n n e a r s a t u r a t i o n , and t h e t e m p e r a t u r e k e p t 
r e a s o n a b l y h i g h i n o r d e r t h a t a s a t i s f a c t o r y amount o f t h e v a l u ­
a b l e m e t a l s may be s o l u b l e i n a g i v e n volume o f s o l u t i o n . 
Uneven r o a s t i n g r e s u l t s i n t h e r e t e n t i o n o f u n a l t e r e d 
s u l p h i d e s , from wh ich t h e s i l v e r and l e a d w i l l n o t be d i s s o l v e d . 
However , t h e u n a l t e r e d m i n e r a l may be made s o l u b l e by t h e i n t r o -
d u o t l o n of an o x i d i s i n g a g e n t . The most e a s i l y o b t a i n e d and 
*£« u e m a s s i e u x , Oomt. R e n d u s (1914) 1 5 8 , 7 0 2 . 
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and c h e a p e s t o x i d i s i n g a g e n t i s some f e r r i o s a l t , f e r r i c c h l o r i d e 
b e i n g p a r t i c u l a r l y a d v a n t a g e o u s f o r ou r u s e . 
P r e c i p i t a t i o n . 
I n t h e H o l t - B e r n p r o o e s s t h e m e t a l s a r e p r e c i p i t a t e d 
from s o l u t i o n a s f o l l o w s } The s i l v e r i s p r e c i p i t a t e d by t h e 
a d d i t i o n o f f i n e l y d i v i d e d oemont c o p p e r i n a i r a g i t a t i o n (paohuca ) 
t a n k s . Next t h e c o p p e r i s p r e c i p i t a t e d on s c r a p i r o n , and f i n a l l y 
t h e l e a d i s p r e c i p i t a t e d on f i n e s t r i p s o f d e t i n n e d " o a n n e r ' s " 
s c r a p . The s i l v e r and c o p p e r can be a l m o s t c o m p l e t e l y p r e c i p i t a t e d 
a t room t e m p e r a t u r e , b u t t h e l e a d r e q u i r e s a h o t s o l u t i o n o r a n 
undue l e n g t h o f t i m e o f c o n t a c t o f t h e s o l u t i o n w i t h t h e s c r a p i r o n . 
The amount o f s o l u t i o n i n t h e c i r c u i t i s s u f f i c i e n t t o 
d i s s o l v e a l l t h e l e a d from t h e r o a s t i f t h e s o l u t i o n be b a r r e n of 
l e a d a t t h e s t a r t o f t h e l e a c h . However , i f a f t e r p r e c i p i t a t i o n 
t h e b a r r e n s o l u t i o n a t i l l c o n t a i n s a b o u t h a l f i t s c a r r y i n g c a p a c i t y 
o f l e a d , a n d i t t h e n be u s e d a s t h e l e a c h s o l u t i o n , o n l y 50 p e r c e n t 
o f t h e l e a d can be d i s s o l v e d u n l e s s l a r g e r v o l u a e s o f s o l u t i o n a r e 
c i r c u l a t e d . 
O B J E C T O P T I P ; E r a a n m g a . 
From t h e above d e s c r i p t i o n o f t h e b r i n e l e a c h i n g p r o o e s s , 
t h e o b j e c t s t o be a c h i e v e d by e x p e r i m e n t a t i o n i n a n e f f o r t t o 
improve t n e p r o c e s s , may be summarized a s f o l l o w s i 
1 . To p r o v i d e a c h e a p o x i d i s i n g a g e n t i n t h e l e a c h i n g 
s o l u t i o n no t h a t t h e u n a l t e r e d m i n e r a l i n t h e r o a s t may be d i s s o l v e d . 
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2 . To p r e c i p i t a t e t h e l e a d more c o m p l e t e l y from s o l u t i o n , 
i . e . t o s e c u r e a b a r r e n s o l u t i o n from t h e l e a d p r e c i p i t a t i o n boxes 
so t h a t t h e amount o f l e a d t o be a g a i n t a k e n up i n t h e l e a c h i n g v a t s 
w i l l be a maximum* 
3 . To be a b l e t o t r e a t o r e c r u s h e d more c h e a p l y ; t o 
remove t h e n e c e s s i t y f o r s t a g e c r u s h i n g w i t h i n t e r m e d i a t e s c r e e n i n g , 
and a l s o t o t r e a t o r e wh ich h a s been r o a s t e d on a l a r g e r s c a l e i n 
a more c h e a p l y o p e r a t e d f u r n a c e . I f p o s s i b l e , t o t r e a t o r e r o a s t e d 
w i t h o u t t h e a d d i t i o n of a c h l o r i d i a i n g a g e n t (Na 0 1 ) • 
Aokno^^s&jessnt . 
The w r i t e r i s g r e a t l y i n d e b t e d t o Mr. G. L, O l d r i g h t , 
H y d r o m e t a l l u r g i s t , I n t e r m o u n t a i n Exper imen t S t a t i o n of t h e U. S . 
Bureau o f M i n e s , u n d e r whose immedia te d i r e c t i o n t h i s work h a s 
been d o n e . H i s many s u g g e s t i o n s have been i n v a l u a b l e . C r e d i t 
i s l i k e w i s e due X* . R . F . Newton, D i r e c t o r of R e s e a r c h , 
M e t a l l u r g i c a l Be s e a r c h D e p a r t m e n t o f t h e U n i v e r s i t y o f U t a h , 
f o r h i s a s s i s t a n c e , and t o t h e T l n t i o S t a n d a r d M i n i n g Company 
f o r h e a r t y c o o p e r a t i o n i n t h e i n v e s t i g a t i o n . 
EXPSRIMSSTAL VOia.. 
E l e o t r o l v t i a Lead P r e c i p i t a t i o n . 
S i n c e t h e o r d i n a r y method employed i n c o m m e r c i a l p r a c t i c e 
o f p r e c i p i t a t i n g t h e l e a d , ( i . e . by d e p o s i t i o n on s c r a p i r o n i n 
h o t s o l u t i o n ) h a s f a i l e d t o g i v e good r e s u l t s , t h e p r e c i p i t a t i o n 
by e l e c t r o l y s i s was s u g g e s t e d . 
6 
I n d e v e l o p i n g a s u i t a b l e e l e o t r o l y t i o c e l l two p o i n t s 
were k e p t i n m i n d . The f i r s t was t o o b t a i n a b a r r e n s o l u t i o n 
( t o p r e c i p i t a t e a l l t h e l e a d ) and a t t h e same t i m e t o s e c u r e a h i g h 
c u r r e n t e f f i c i e n c y . The second was t o make u s e o f t h e o x i d a t i o n 
wh ich t a k e s p l a c e a t t h e anode i n such a way a s t o g e n e r a t e an 
o x i d i s i n g a g e n t i n t h e b a r r e n s o l u t i o n a s p r e v i o u s l y m e n t i o n e d . 
By t h e u s e o f a d i a p h r a g m c e l l w i t h an i n s o l u b l e a n o d e , t h e s e 
two p o i n t s can be a t t a i n e d . As t h e l e a d i s p r e c i p i t a t e d a t t h e 
c a t h o d e t h e s o l u t i o n i s o x i d i s e d a t t h e a n o d e . The amount o f 
l e a d p r e c i p i t a t e d a t t h e c a t h o d e and t h e amount o f i r o n o x i d i z e d 
a t t h e anode d e p e n d s upon t h e c a t h o d e and anode c u r r e n t e f f i c i e n c i e s . 
The d i a p h r a g m must be o f m a t e r i a l w h i c h w i l l p r e v e n t m e c h a n i c a l 
m i x i n g o f t h e o a t h o l y t e and a n o l y t e b u t w i l l a t t h e e a s e t i m e o f f e r 
l i t t l e r e s i s t a n c e t o t h e p a s s a g e of t h e e l e c t r i c c u r r e n t . 
To o b t a i n a h i g h c a t h o d e c u r r e n t e f f i c i e n c y w i t h a l m o s t 
c o m p l e t e l e a d p r e c i p i t a t i o n , t h e o a t h o l y t e must be v i g o r o u s l y 
a g i t a t e d . The v i g o r o u s a g i t a t i o n i s n e c e s s a r y b e c a u s e t h e s o l u t i o n 
o f low l e a d c o n c e n t r a t i o n a d j a c e n t t o t h e c a t h o d e i s v e r y q u i c k l y 
d e p l e t e d o f l e a d and u n l e s s f r e s h s o l u t i o n be q u i c k l y f u r n i s h e d i n 
t h e immedia te v i c i n i t y o f t h e c a t h o d e , h y d r o g e n w i l l be e v o l v e d . 
\ U t h good s t i r r i n g t h e s o l u t i o n n e x t t o t h e c a t h o d e i s k e p t com­
p a r a t i v e l y h i ^ n i n l e a d , and a good c u r r e n t e f f i c i e n c y r e s u l t s . 
A n o t h e r r e a s o n f o r t h e need o f a g i t a t i o n o f t h e c a t h o d e i s t h a t 
i t i s h i ^ i l y p r o b a b l e t h a t i n t h e c o n c e n t r a t e d b r i n e s o l u t i o n , 
complex i o n s a r e fo rmed . Lead and c h l o r i n e may combine t o form a 
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complex i o n h a v i n g a n e g a t i v e c h a r g e , and t h e l e a d may t h e r e f o r e 
m i g r a t e t o w a r d * t h e a n o d e . However , i f by a g i t a t i o n t h e i o n s a r e 
b r o u ^ i t i n t o c o n t a c t w i t h t h e c a t h o d e t h e complex i o n s w i l l be 
b r o k e n down and t h e l e a d be p r e c i p i t a t e d a s m e t a l . 
H U f f ^ n t a l C e l l . 
F i g u r e 1 i s a d r a w i n g o f t h e e x p e r i m e n t a l c e l l showing 
a c r o s s - s e c t i o n a l v i e w . The s i d e s o f t h e c e l l a r e of s o f t wood and 
t h e c o r n e r s and e d g e s a r e s e a l e d on t h e i n s i d e w i t h p a r a f f i n . The 
anode i s o f g r a p h i t e , c u t from a l a r g e f u r n a c e e l e c t r o d e . The 
d i a p h r a g m u s e d i s s e t i n g r o o v e s i n t h e s i d e s and b o t t o m of t h e c e l l 
and i s a l s o s e a l e d w i t h p a r a f f i n , so a s t o be l e a k p r o o f . The 
a 
c a t h o d e i s made f r o m / s h e e t I r o n d i s k . I t i s r e v o l v e d by means o f 
a s t e e l s h a f t wh ich p a s s e s t h r o u g h t h e s i d e o f t h e c e l l . Four 
b a f f l e s a r e s e t r a d i a l l y on t h e d i s k , and a r e s p a c e d a t e q u a l 
a n g l e s . They a r e s e t a t r i g h t a n g l e s t o t h e p l a n e o f t h e c a t h o d e 
and a r e n e a r l y 5 / 8 o f a n i n c h i n w i d t h . The e l e c t r i c a l c o n n e c t i o n 
t o t h e a n o d e i s made from a c o p p e r w i r e w h i c h i s i n s e r t e d i n t h e 
g r a p h i t e . The c a t h o d e c o n n e c t i o n I s made by means o f a n i r o n d i s k 
a t t a c h e d t o t h e r e v o l v i n g s h a f t wh ich h a s i t s c i r c u m f e r e n c e I n 
c o n t a c t w i t h m e r c u r y . From t h e m e r c u r y t h e c o n n e c t i o n i s made by 
u s e of a c o p p e r w i r e f a s t e n e d t o t h e b o t t o m of t h e m e r c u r y c o n t a i n e r . 
L a b o r a t o r y T e s t s . 
On a c c o u n t of t h e l a r g e amount o f s o l u t i o n n e c e s s a r y t o 
c a r r y on t h e l a b o r a t o r y e x p e r i m e n t s , and t h e amount o f work r e q u i r e d 
t o p r e p a r e i t i n o u r l a b o r a t o r y , t h e s o l u t i o n f o r o u r t e s t s wee 
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o b t a i n e d from t h e m i l l o f t h e T i n t in S t a n d a r d M i n i n g Company a t 
H a r o l d , U t a h . T h i s company o p e r a t e s a m i l l o f 250 t o n s d a i l y 
c a p a c i t y u s i n 3 t h e H o I t - D o r n p r o c e s s , and t h e y have c o o p e r a t e d 
w h o l e - h e a r t e d l y i n t h e p r o s e c u t i o n o f t h i s w o r k . The s o l u t i o n 
o b t a i n e d i s c a l l e d a t t h e m i l l , " t h e l e a d box h e a d s . " I t i s t h e 
p r e g n a n t s o l u t i o n wh ioh h a s had. t h e s i l v e r and c o p p e r r emoved , 
b e i n g p r e g n a n t o n l y i n l e a d . The f o l l o w i n g i s a p a r t i a l a n a l y s i s 
o f t h e s o l u t i o n . 
TABLE 1 . 
Lead 7 -10 g r . p e r l i t e r
 % 
Oopper 0 . 1 6 7 g r . p e r l i t e r
 t 
T o t a l I r o n 1 6 . 7 5 j r . p e r l i t e r j 
S p e c i f i c G r a v i t y 1 .22 t 
Z i n c 4 . 3 1 g r . p e r l i t e r 2 
F e r r i c I r o n 0 . 3 9 gr* p e r l i t e r 
I n s o l . 0 , 1 3 7 g r . p e r l i t e r 
S u l p h a t e 3 1 . 7 g r . p e r l i t e r 
C h l o r i n e 1 7 0 . 0 g r . p e r l i t e r 
Acid 0 . 0 2 g r . p e r l i t e r 
From t h e above a n a l y s i s i t c a n be s e e n t h a t some p u r i f i ­
c a t i o n o f t h e s o l u t i o n s h o u l d be made b e f o r e a t t e m p t i n g t o e l e c t r o l y s e . 
The s m a l l amount o f oopper p r e s e n t s h o u l d be removed so a s t o o b t a i n 
a h i g h g r a d e e l e c t r o l y t i c l e a d . A l s o t h e f e r r i c i r o n s h o u l d be 
r e d u c e d so a s n o t t o u s e e l e c t r i c a l e n e r g y f o r such a p u r p o s e . 
T h e r e f o r e , p r i o r t o any e l e c t r o l y s i s e x p e r i m e n t s , t e s t s were made 
t o d e t e r m i n e means o f p u r i f y i n g t h e s o l u t i o n . 
P u r i f i c a t i o n T e s t s . 
The f i r s t method t r i e d i n t h e p u r i f i c a t i o n e x p e r i m e n t s , 
was t h e u s e o f h y d r o g e n s u l p h i d e . A g i v e n amount of s o l u t i o n was 
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t r e a t e d w i t h hyd rogen s u l p h i d e i n e x c e s s o f t h a t r e q u i r e d f o r 
c o m p l e t e p r e c i p i t a t i o n of t h e c o p p e r . Lead s u l p h i d e was formed 
r e a d i l y , and i t was t h o u g h t t h a t t h e FbS wou ld t h e n d i s p l a c e any 
r e m a i n i n g c o p p e r by p r e c i p i t a t i n g i t a s §^jp and t h e l e a d wou ld 
a g a i n go i n t o s o l u t i o n . However , such was n o t t h e c a s e . A f t e r 
t r e a t m e n t w i t h hyd ropen s u l p h i d e , t h e amount of coppe r i n t h e 
s o l u t i o n vms t h e same a s b e f o r e . T h i s i s p r o b a b l y due t c t h e 
p r e s e n c e c f f e r r i c i r o n i n t h e s o l u t i o n w h i c h i s c a p a b l e o f d i s ­
s o l v i n g t h e c u p r o u s s u l p h i d e , e c p e c t a l l y i n t h e p r e s e n c e o f t h e 
s t r o n g b r i n e , 
The nvxt p u r i f i c a t i o n method e:rper ftnented r i t h , was t h e 
u se c f l e a d amalgam a s a p r e c i p i t a n t . A g i v e n amount o f s o l u t i o n 
was p l a c e d i n a i c n g v e r t i c a l t u b e a n d t h e l e a d amalgem was a l l o w e d 
t o ffe& i n a v e r y f i n e l y d i v i d e d s t a t e t h r o u ^ l t h e column o f s o l u t i o n . 
Samples o f t h e s o l u t i o n were t a k e n a t i n t e r v a l s . The f e r r i c i r o n 
soon d i s a p p e a r e d a n d t h e c o p p e r was t h e n a l m o s t c o m p l e t e l y r emoved . 
In t h e amalgam t h e oopper r e p l a c e d t h e l e a d , and a f t e r b e i n g u s e d 
f o r some t i m e t h e m e r c u r y became s e m i s o l i d due t o t h e a c c u m u l a t i o n 
o f c o p p e r . The oopper amalgam was t h e n r e t o r t e d , t h u s o b t a i n i n g 
m e t a l l i c c o p p e r . I t was d e t e r m i n e d by c a l c u l a t i o n t h a t i n p r a c t i c e 
an e x c e s s i v e i n v e s t m e n t would n o t be r e q u i r e d f o r t h e m e r c u r y , and 
t h a t t h e e x p e n s e f o r t h i s m a t e r i a l would n o t be l a r g e . 
S i n c e i n t h e l e a d amalgam, t h e f u n c t i o n o f t h e m e r c u r y 
was p r i m a r i l y t o p e r m i t t h e f i n e s u b d i v i s i o n o f t h e l e a d , e x p e r i ­
m e n t s were l a t e r p e r f o r m e d u s i n g t h e spongy l e a d p r e c i p i t a t e from 
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t h e e l e c t r o l y t i c o e l l . A q u a n t i t y o f s o l u t i o n was h e a t e d t o t h e 
t e m p e r a t u r e c o r r e s p o n d i n g t o t h a t u sed a t t h e T i n t i o S t a n d a r d 
Company # s m i l l f o r p r e c i p i t a t i o n o f t h e l e a d , a n d some l e a d p r e ­
c i p i t a t e was a d d e d and t h e s o l u t i o n s t i r r e d . At t h e t e m p e r a t u r e 
c o m p l e t e l y p r e c i p i t a t e d i n a b o u t 30 m i n u t e s . 
The p u r i f i c a t i o n e x p e r i m e n t s show t h a t by u s i n g t h e 
e l e c t r o l y t i c l e a d p r e c i p i t a t e thw o o p p e r c a n b e q u i c k l y , e a s i l y 
and a l m o s t c o m p l e t e l y removed , and t h e f e r r i c i r o n r e d u c e d , i f 
t h e s o l u t i o n be h e a t e d t o a r e a s o n a b l e t e m p e r a t u r e , s a y from 
50 t o 30° 0* The r a t e o f p r e c i p i t a t i o n d e p e n d s upon t h e t e m ­
p e r a t u r e o f t h e s o l u t i o n a n d t h e amount o f s u r f a c e of t h e l e a d 
exposed* 
S l e c t r o l v t l o T e s t s . 
s o l u t i o n was p r a c t i c a l l y t h a t g i v e n i n T a b l e 1 , and t h e s m a l l 
amount o f c o p p e r p r e s e n t was n o t r emoved . T h e r e f o r e t h e r e ­
s u l t i n g l e a d p r e c i p i t a t e c a r r i e d some c o p p e r ; h o w e v e r , t h e 
amount p r e s e n t i n t h e s o l u t i o n was so s m a l l i n c o m p a r i s o n w i t h 
t h a t o f t h e l e a d , t h a t i n c a l c u l a t i o n s of c u r r e n t d e n s i t i e s i t 
c o u l d be n e g l e c t e d . 
1000 c o . e a c h . T h i s b r o u g h t t h e s o l u t i o n l e v e l j u s t t o t h e t o p 
o f t h e c a t h o d e .
 t (See F i g u r e X.) Xn a l l t h e e x p e r i m e n t s t h e 
o f 70° 0 . and w i t h a s l i g h t e x c e s s o f l e a d , t h e c o p p e r was a l m o s t 
I n a l l t h e e l e c t r o l y t i c t e s t s , t h e c o m p o s i t i o n o f t h e 
The c a t h o d e and anode compar tmen t s o f t h e c e l l h e l d 
r e v e r s e s i d e o f t h e c a t h o d e , t h a t n o t h a v i n g t h e b a f f l e s , was 
p a r a f f i n e d . The s o l u t i o n p l a c e d i n t h e anode compar tment was 
t h e e x h a u s t e d c a t h o l y t e from t h e p r e v i o u s t e s t , i t b e i n g b a r r e n 
of l e a d i t h i s would c o r r e s p o n d i n p l a n t p r a o t i c e t o r u n n i n g t h e 
p r e g n a n t s o l u t i o n t h r o u g i t h e c a t h o d e compar tment t o p r e c i p i t a t e 
t h e l e a d and t h e n r u n n i n g t h e r e s u l t i n g r e d u c e d , b a r r e n s o l u t i o n 
t h r o u g h t h e anode compar tment t o o x i d i s e t h e f e r r o u s c h l o r i d e . 
The c u r r e n t was m e a s u r e d by means o f a n ammeter p l a c e d i n t h e 
c i r c u i t and t h e v o l t a g e wee m e a s u r e d by c o n n e c t i n g a v o l t m e t e r 
a c r o s s t h e c e l l . Both m e t e r s were checked a g a i n s t p r e c i s i o n 
i n s t r u m e n t s i n t h e E l e c t r i c a l L a b o r a t o r i e s of t h e T J h i v e r s i t y o f 
U t a h , The s o u r c e o f t h e c u r r e n t was f o u r s t o r a g e b a t t e r i e s , 
c a p a b l e o f f u r n i s h i n g from 250-300 ampere h o u r s a t from 8 t o 9 
v o l t e . The c u r r e n t d e n s i t y was d e t e r m i n e d by d i v i d i n g t h e 
ammeter r e a d i n g by t h e s q u a r e f e e t of c a t h o d e a r e a e x p o s e d t o 
t h e s o l u t i o n . The c u r r e n t e f f i c i e n c y a t a g i v e n c o n c e n t r a t i o n 
o f l e a d i n t h e s o l u t i o n was d e t e r m i n e d by c o m p u t a t i o n s from 
a n a l y s i s o f s amp le s o f s o l u t i o n t a k e n a t r e g u l a r i n t e r v a l s , t h e n 
d e t e r m i n i n g t h e amount of l e a d p r e c i p i t a t e d i n a g i v e n i n t e r v a l 
and c o m p a r i n g t h e amount p r e c i p i t a t e d w i t h t h a t computed by 
F a r a d a y * s Law. 
E x p e r i m e n t s were c o n d u c t e d t o d e t e r m i n e t h e e f f e c t on 
t h e c u r r e n t e f f i c i e n c y o f v a r y i n g t h e c u r r e n t d e n s i t y , t h e r a t e 
o f c a t h o l y t e a g i t a t i o n , and t h e l e a d c o n c e n t r a t i o n . Each s e t o f 
t e s t s i s shown 'by t h e d i f f e r e n t c u r v e s w h i c h f o l l o w . 
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E x p l a n a t i o n of Curves* 
F i g u r e 3 shows t h e ohange i n c u r r e n t e f f i c i e n c y w i t h 
v a r y i n g s p e e d s o f c a t h o d e r o t a t i o n . The e f f i c i e n c y i s e x p r e s s e d 
i n p e r c e n t and t h e d e g r e e o f a g i t a t i o n I n r e v o l u t i o n s p e r m i n u t e 
o f t h e c a t h o d e . * The c u r r e n t d e n s i t y was k e p t c o n s t a n t a t 30 
a m p e r e s p e r s q u a r e f o o t o f c a t h o d e a r e a . Each p o i n t on t h e c u r v e 
r e p r e s e n t s a s e p a r a t e t e s t . Wi th no a g i t a t i o n t h e c u r r e n t e f f i c i e n c y 
i s a b o u t 20 p e r c e n t a n d a s t h e a g i t a t i o n i n c r e a s e s t h e e f f i c i e n c y 
a l s o i n c r e a s e s u n t i l b e t w e e n 70 and 75 r . p . m . t h e e f f i c i e n c y i s n e a r 
i t s maximum, a b o u t 98 p e r c e n t . T h e r e f o r e w i t h a c u r r e n t d e n s i t y of 
30 a m p e r e s p e r s q u a r e f o o t t h e c a t h o d e s h o u l d be r e v o l v e d a t a b o u t 
75 r . p . m . t o k e e p t h e c u r r e n t e f f i c i e n c y a s h i g h a s p o s s i b l e . 
F i g u r e 4 shows t h e change i n c u r r e n t e f f i c i e n c y w i t h 
v a r y i n g c u r r e n t d e n s i t y . Each c u r v e r e p r e s e n t s a c o n s t a n t amount 
o f a g i t a t i o n , g o i n g from no a g i t a t i o n i n t h e lower c u r v e t o 7 5 r . p . m . 
i n t h e u p p e r o n e . They a l l show t h a t a s t h e c u r r e n t d e n s i t y i n c r e a s e s 
t h e e f f i c i e n c y f a l l s o f f . T h u s , a s s t a t e d a b o v e , f o r 7 5 r . p . m . t h e 
a g i t a t i o n i s s u f f i c i e n t t o g i v e h i g h c u r r e n t e f f i c i e n c y w i t h 30 
a m p e r e s p e r s q u a r e f o o t , b u t i f t h e d e n s i t y b$> i n c r e a s e d t h e e f ­
f i c i e n c y d e c r e a s e s . T h e r e f o r e , a l l t h e c u r v e s o f F i g u r e 4 show t h a t 
t h e a g i t a t i o n mus t be i n c r e a s e d a s t h e d e n s i t y i s i n c r e a s e d i n o r d e r 
t o k e e p a h i g h c u r r e n t e f f i c i e n c y . 
*Kote j S i n c e t h e r e a r e no g e n e r a l l y a c c e p t e d u n i t s o f a g i t a t i o n , 
r e v o l u t i o n s p e r m i n u t e o f t h e c a t h o d e w i l l be t h e u n i t s employed i n 





























F i g u r e 5 show a t h e change i n c u r r e n t e f f i c i e n c y w i t h t h e 
change i n l e a d c o n c e n t r a t i o n o f t h e c a t h o l y t e * t h e c u r r e n t d e n s i t y 
and r a t e o f a g i t a t i o n b e i n g k e p t c o n s t a n t . The uppe r c u r v e r e p r e ­
s e n t s a t e s t made w i t h c u r r e n t d e n s i t y o f 30 ampere s p e r s q u a r e 
f o o t a n d a r a t e o f a g i t a t i o n o f 75 r . p . m . The v e r t i c a l d o t t e d 
l i n e shows t h e o r i g i n a l c o n c e n t r a t i o n o f t h e l e a d i n t h e p r e g n a n t 
s o l u t i o n a t t h e b e g i n n i n g o f t h e t e s t . The o r d i n a t e f o r any p o i n t 
on t h e p l o t t e d c u r v e g i v e s t h e mean c u r r e n t e f f i c i e n c y f o r t h a t 
c o n c e n t r a t i o n o b t a i n i n g a t t h e s t a r t o f t h e t e s t , t o t h a t g i v e n 
by t h e a b s c i s s a o f t h e p o i n t i n q u e s t i o n . 
The l o w e r c u r v e r e p r e s e n t s d a t a s i m i l a r t o t h o s e shown 
by t h e u p p e r o n e , e x c e p t t h a t t h e c o n c e n t r a t i o n o f t h e l e a d wee 
l o w e r a t t h e s t a r t and t h e r a t e o f a g i t a t i o n was d e c r e a s e d t o 
38 r . p . m . 
F i g u r e 6 shows t h e i n c r e a s e i n v o l t a g e a c r o s s t h e c e l l 
w i t h i n c r e a s i n g c u r r e n t d e n s i t y . 
Anode R e a c t i o n s . 
A l l t h e above c u r v e s and d i s c u s s i o n have d e a l t w i t h t h e 
c a t h o d e compar tment o f t h e c e l l and t h e p r e c i p i t a t i o n o f t h e l e a d . 
L i t t l e h a s b e e n s a i d a b o u t t h e anode compar tment o t h e r t h a n t h a t 
t h e i r o n i n t h e b a r r e n s o l u t i o n 1 B o x i d i s e d t o t h e f e r r i c c o n d i t i o n . 
As t h e s o l u t i o n i s w i t h d r a w n from t h e c a t h o d e compar tment t h e 
spongy l e a d p r e c i p i t a t e i s s e t t l e d and r emoved , and t h e s o l u t i o n 
















c e l l t h e i r o n i s r a p i d l y o x i d i z e d . No a g i t a t i o n i s p r o v i d e d f o r 
t h e a n o l y t e so t h a t a t t h e h i g h e r c u r r e n t d e n s i t i e s a s t h e i r o n 
is 
was o x i d i s e d some c h l o r i n e g a s was fo rmed . However , u n d e r t h e s e 
c o n d i t i o n s t h e c o m p l e t e n e s s and speed w i t h w h i c h t h e i r o n i s 
o x i d i s e d i s r e m a r k a b l e . 
At t h e c o n c l u s i o n o f t h e t e s t t h e a n o l y t e i s removed 
and s t o r e d f o r f u t u r e u s e a s a s o l v e n t i n t h e l e a c h i n g e x p e r i m e n t s * 
The l e a d p r e c i p i t a t e i s a l s o s a v e d u n t i l s u f f i c i e n t q u a n t i t y i s on 
hand t o w a r r a n t m e l t i n g i t i n t o a b a r . P r e l i m i n a r y t o m e l t i n g , t h e 
p r e c i p i t a t e i s washed w e l l and d r i e d . Oare must be t a k e n i n d r y i n g 
s i n c e t h e spongy l e a d o x i d i s e s r e a d i l y . The f o l l o w i n g i s a n a n a l y s i s 
o f some o f t h e m e l t e d l e a d p r e c i p i t a t e . 
TABLE 2 . 
S i l v e r 2 . 5 ounces t S u l p h u r N i l . 
Z i n c T r a c e ? s I r o n N i l . 
Oopper 5*98 p e r c e n t % Lead 92f p e r o e n t . 
A r s e n i c 1-2 p e r oen t ? t 
a i f f l g j ragg P B I M I O X I D I S E D mutm. 
L e a c h i n g t e s t s were p e r f o r m e d on o r e r o a s t e d w i t h and 
w i t h o u t s a l t , and on raw o r e . The raw o r e and o h l o r l d i z e d c a l c i n e 
were o b t a i n e d from t h e T i n t i c S t a n d a r d M i n i n g Company 's m i l l . The 
o x i d i s i n g r o a s t s were made i n o u r l a b o r a t o r y from t h e r aw o r e . 
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.Testa on Q h l o r l d l s s d C a l c i n e . 
The o h l o r i d i a e d o a l o l n e was p r e p a r e d i n a b l a s t t y p e 
(Ho I t - D e r n ) r o a s t e r and a s h a s b e e n s t a t e d fti mi e a r l i e r p a r t , 
i t c o n t a i n e d some u n a l t e r e d o r e . M l n e r a l o g i c a l a n a l y s i s by 
means o f t h e m i c r o s c o p e t o d e t e r m i n e t h e form i n w h i c h t h e s i l v e r 
a n d l e a d a r e p r e s e n t i n t h e r o a s t and t o o b t a i n q u a n t i t a t i v e l y 
t h e amount o f u n a l t e r e d m i n e r a l , were a t t e m p t e d b u t w i t h no 
p o s i t i v e r e s u l t s . I t i s v e r y d i f f i c u l t t o i d e n t i f y c o l o r l e s s o r 
l i g h t c o l o r e d o x i d i s e d m a t e r i a l i n a b a d l y w e a t h e r e d r o c k , s u l ­
p h i d e m i n e r a l s t h e m s e l v e s may e a s i l y be d i s t i n g u i s h e d . The T i n t i o 
S t a n d a r d mine i s known a s a m l n e r a l o g i c a l c u r i o s i t y s h o p i n t h e 
v a r i e t y o f m i n e r a l s p r e s e n t . I t i s p a r t i c u l a r l y d i f f i c u l t t o 
i d e n t i f y i n a n o r e o f t h i s t y p e m i n e r a l s t h a t o c c u r i n s u c h s m a l l 
amounts a s do t h o s e o f s i l v e r . 
The f o l l o w i n g i s a c h e m i c a l a n a l y s i s o f t h e o h l o r i d i a e d 
c a l c i n e u s e d i n t h e e x p e r i m e n t s . 
TABLE 3 . 
Gold 0 . 0 4 o u n c e s $ I r o n 1*5 p e r c e n t 
S i l v e r 1 4 . 3 4 o u n c e s ! Oao ( N e t 
m i 3 . 1 2 p e r c e n t i S u l p h u r 1 .5 p e r c e n t 
Copper 0 . 1 0 p e r c e n t s t n a o l • 6 2 . 8 p e r c e n t 
As t h e c a l c i n e l e a v e s t h e f u r n a c e i t i s s i n t e r e d , 
p o r o u s , and s u i t a b l e f o r l e a c h i n g by p e r c o l a t i o n . However , In 
c a r r y i n g on t h e l a b o r a t o r y t e s t s , t h e l e a c h i n g was done i n two 
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l i t e r a o i d b o t t l e * a g i t a t e d by b e i n g t u r n e d on two p a r a l l e l r o l l s . 
The r o l l s w e r e k e p t i n a c l o s e d , © l e o t r i c & l l y h e a t e d h o o d , t h u s 
e n a b l i n g one t o k e e p t h e t e m p e r a t u r e n e a r l y c o n s t a n t and above 
t h a t o f room t e m p e r a t u r e . At t h e T i n t l o S t a n d a r d m i l l t h e l e a c h i n g 
i s done i n a o i d ©roof c o n c r e t e v a t s and t h e t e m p e r a t u r e o f t h e 
s o l u t i o n i s k e p t a t from 50 t o 70° 0 . I n a l l b r i n e l e a c h i n g t h e 
t e m p e r a t u r e h a s g r e a t e f f e c t on t h e r a t e o f d i s s o l u t i o n o f t h e 
l e a d and s i l v e r . In t h e l a b o r a t o r y t e s t s t h e t e m p e r a t u r e o f t h e 
l e a c h i n g s o l u t i o n was somewhat be low t h e above f i g u r e s , and v a r i e d 
from a b o u t 40 t o 50° C* 
T a b l e 4 shows t h e d a t a from some of t h e t e s t s p e r f o r m e d 
on t h e c h l o r l d l z e d c a l c i n e . The c a l c i n e u s e d i n a l l c a s e s was o f 
t h e above c o m p o s i t i o n and t h e l e a c h l i q u o r s were n e a r l y s a t u r a t e d 
i n ITaOl. They had a s p e c i f i c g r a v i t y o f a b o u t 1 . 23 and c o n t a i n e d 
t h e amount o f f e r r i c i r o n shown i n t h e t a b l e . S u f f i c i e n t a c i d was 
k e p t i n t h e s o l u t i o n t o p r e v e n t t h e h y d r o l y s i s o f t h e f e r r i c s a l t s . 
TABLE 4 . 
Ho . 
Time o f 
A g i t a t i o n Temp. 
P u l p 
B a t i o 
P r e g . 
S o l . 
Anode 
S o l . Ag E x t . Pb E x t . 
1 2 B r s . 4 2 ° 0 . 4 » 1 2 . 0 2 . 7 55 83 
2 4 45 4 i l 2 . 0 2 . 7 69 85 
3 3 4 5 4 . 1 2 . 0 5 . 0 83 83 
4 14 4 8 4 t l 2 . 0 4 5 . 2 88 96 
24 50 4 : 1 £ • 0 5 3*8 88 95 
6 4 8 4 5 5 : 1 3 . 1 7 6*0 90 97 
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A l l o f t h e t e s t a i h o w t h a t e x c e s s f e r r i o I r o n was p r e s e n t 
i n t h e l e a c h i n g s o l u t i o n s s i n o e t h e r e s t i l l r e m a i n s f e r r i o i r o n i n 
t h e p r e g n a n t s o l u t i o n . The d e g r e e o f t h e e x t r a c t i o n of b o t h t h e 
l e a d and t h e s i l v e r d o e s n o t change much a f t e r a g i t a t i n g f o r a t i m e 
g r e a t e r t h a n 14 h o u r s . I n some a d d i t i o n a l t e s t s t h e p u l p r a t i o was 
v a r i e d from 3 t o 1 t o a s h i g h a s 6 t o 1 b u t t h i s seemed t o have 
l i t t l e e f f e c t on t h e e x t r a c t i o n . The 4 t o 1 p u l p r a t i o was u s e d 
b e c a u s e i t a g r e e s c l o s e l y w i t h t h e r a t i o u s e d i n commerc ia l p r a c t i c e . 
To d e t e r m i n e t h e a d v a n t a g e o f t h e u s e o f t h e o x i d i s e d 
anode s o l u t i o n i n b e t t e r i n g t h e e x t r a c t i o n from t h e c h l o r i d l s e d 
c a l c i n e , t e s t s w e r e made u s i n g b r i n e w i t h o u t t h e a d d i t i o n of a n y 
o x i d i s e d i r o n w h a t s o e v e r . R e s u l t s o f a few of t h e s e t e s t s a r e 
shown i n T a b l e 3 . 
TABLE 5 . 
Pe r Cent 
Ho . 
Time o f 
A g i t a t i o n T e a n . P u l n H a t i o Ag E x t . Pb E x t . 
1 Z H r s . 6 0 ° 0 . 4 , 1 57 91 
2 4 54 4 : 1 59 » * 
3 20 50 4 i l 63 93 
1 24 50 4 i l 69 92 
\ 3 
Compar ing t e s t No . "5^ o f T a b l e 5 w i t h t e s t i H o . - a r of, > 
T a b l e 4 t h e t ime of s g i t a t i . o . - A i s t h o oa?f fesMMMll W*% f e e j r \ .ft \ l'#1<k 
N V*1 * \ ss jboxldised b r i n e g i v e s , a . . b e t t e r l e a d e x t r a c t i o n b u t n o t a s a g t o 
, f f ... . . . m . . 
I S 
The a d d i t i o n a l s o l v e n t a c t i o n c a u s e d "by t h e a d d i t i o n of 
f e r r i c c h l o r i d e t o a s y n t h e t i c "brine s o l u t i o n may he s e e n by c o m p a r i n g 
t e s t s 4 and 5 , t a b l e 4 , w i t h t e s t 3 , t a b l e 5 , b o t h s e t s of t e s t s b e i n g 
made w i t h s a t u r a t e d b r i n e , b u t f e r r i c c h l o r i d e b e i n g added t o t h e t e s t s 
shown i n t a b l e 4 . The t ime o f t r e a t m e n t of t h e o r e w i t h t h e b r i n e a l o n e 
l i e s b e t w e e n t h a t g i v e n t h e two sample s t r e a t e d w i t h f e r r i c c h l o r i d e i n 
a d d i t i o n , and t h e t e m p e r a t u r e i n a l l c a s e s was n e a r l y t h e same* The 
a d d i t i o n o f f e r r i c c h l o r i d e a s s i s t c t h e d i s s o l v i n g of l e a d only oomo two 
p e g - c e n t , b u t i n c r e a s e s t h e e x t r a c t i o n of s i l v e r 2 5 p e r c e n t * 
hx^u>f) buffer 
a s g s o d ^ s i l v e r e x t r a c t i o n , -The d e c r e a s e d l e a d e x t r a c t t u n u n d o u b t e d l y 
1 B - d u e - l a r g e l y t o t h o t e m p e r a t u r e d i m r s u o c , t h e fvxmi t e s t b e i n g ' • 
a t 50° 0> w h l l u t h e l a t e r Wee i t 4B° i f f r a t h e r then " that t he f e r r i c 
i ron- h a s any r e t a r d i n g o f f e e t * n u i m j ^ Jk c a s e o f t h e s i l v e r e x ­
t r a c t i o n t h e p r e s e n c e o f f e r r i c i r o n i n t h e l e a c h i n g l i q u o r g r e a t l y 
improves t h e e x t r a c t i o n , evenVwi th t h e a d v e r s e t e m p e r a t u r e d i f f e r e n c e d . 
T h i s i n d i c a t e s t h a t t h e l e a d i n t h e o h l o r i d i s e d c a l c i n e i s e a s i l y 
s o l u b l e i n t h e u n o x i d i s e d l e a c h i n g s o l u t i o n and t h a t the a d d i t i o n o f 
a n o x i d i z e r h e l p s b u t l i t t l e ; w h i l e i n t h e c a s e o f t h e s i l v e r t h e 
p r e s e n c e o f a n o x i d i z e r g r e a t l y Improves t h e e x t r a c t i o n . 
The above phenomena a r e p a r t l y e x p l a i n e d f r e e t h e known 
d e g r e e w i t h w h i c h t h e l e a d and s i l v e r c a n be c o n v e r t e d to s u l p h a t e 
o r c h l o r i d e when r o a s t e d . The l e a d s u l p h a t i z e s a n d o h l o r i d i z e s 
r e a d i l y w h i l e t h e s i l v e r d o e s n o t , and a f t e r t h e s u l p h a t e and 
c h l o r i d e of e i t h e r m e t a l I s formed t h e p r e s e n c e o f an o x i d i z e r i n 
t h e b r i n e s o l u t i o n w i l l h e l p l i t t l e i n b e t t e r i n g t h e e x t r a c t i o n . 
From t h e t e s t s p e r f o r m e d on t h e c h l o r l d i z e d c a l c i n e i t 
c a n be s a i d t h a t , f i r s t , t h e p r e s e n c e o f f e r r i c c h l o r i d e i n t h e 
l e a c h i n g s o l u t i o n i s a d v a n t a g e o u s i n i n c r e a s i n g t h e s i l v e r e x ­
t r a c t i o n , b u t t h a t t h e l e a d i s s o l u b l e i n t h e unox id l zed b r i n e s 
and s e c o n d , t h a t i n u s i n g f e r r i c c h l o r i d e i n t h e s o l u t i o n t h e a c i d 
s t r e n g t h must be m a i n t a i n e d s u f f i c i e n t l y h i g h so t h a t the I r o n w i l l 
n o t be p r e c i p i t a t e d a s t h e h y d r o x i d e . 
The raw o r e o b t a i n e d from t h e T i n t i o S tandard m i l l was 
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t h a t w h i c h had b e a n mixed with a b o u t 10 p e r c e n t of s a l t ( s o d i u n 
c h l o r i d e ) and c r u s h e d t o t h e d e g r e e o f f i n e n e s s f o r t h e H o l t - D e r n 
f u r n a c e s . In t h e e x p e r i m e n t s p e r f o r m e d a l l w e i g i t s we re t a k e n o f 
t h e o r e - s a l t m i x t u r e and a l l e x t r a c t i o n c a l c u l a t i o n s were made from 
t h e a s s a y o f t h e m i x t u r e . However , a few t e s t s were made on t h e 
raw o r e a f t e r t h e Kaol had b e e n washed o u t . 
The f o l l o w i n g i s a p a r t i a l a n a l y s i s o f b o t h t h e raw o r e 
c o n t a i n i n g s a l t and t h e washed raw o r e . 
TABLE 6 . 
Ag ~ P b Cu Zn S ( t o t a l ) S % 535 
°*s 1 | 1 , % S u l p h a t e j 
Raw Ore -
NaCl M l x t t r e 1 4 . 8 5 4 . 5 2 - -
Raw O r e 1 7 . 3 4 5 . 2 0 0*30 0 . 1 2 2 . 5 - 4 . 0 0*62 0 . 3 0 
L a b o r a t o r y P r o c e d u r e and R e s u l t s . 
T e s t s w e r e p e r f o r m e d i n t h e same manner a s t h o s e on t h e 
o h l o r i d i a e d c a l c i n e . The t e m p e r a t u r e o f l e a c h i n g was k e p t a t n e a r l y 
4 5 ° 0 . and t h e a g i t a t i o n wee e f f e c t e d a s b e f o r e , by t h e u s e o f b o t t l e s 
p l a c e d on a r o l l e r a g i t a t o r . The l e a c h i n g s o l u t i o n u s e d was t h e 
o x i d i s e d ^ o d f f i o o l u t i o n from t h e e l e c t r o l y t i c c e l l . 
The f o l l o w i n g t a b l e shows d a t a from some o f t he t e s t s . 
As a means of c o m p a r i s o n t e s t No . 7 was added t o show t h e e x t r a c t i o n 
u s i n g no o x i d i z e d i r o n i n t h e l e a c h l i q u o r . 
t . - r a r t l int Tr I l i l f tTff t *l*ftf1 Oaaaea l a t e n t He* &Q&*8 
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l e a d w i t h t h e s e e l e m e n t s , f o r m i n g i n s o l u b l e compounds . Mors w i l l 
be s a i d a s t o t h i s S u p p o s i t i o n i n t h e d i s c u s s i o n o f t h e work w h i c h 
f o l l o w s on o x i d i s e d r o a s t s . 
m m m t m m W W M M * 
As was s t a t e d i n a n e a r l i e r p o r t i o n o f t h e t h e s i s , one 
o f t h e o b j e c t s o f t h e i n v e s t i g a t i o n was t o d e t e r m i n e w h e t h e r o r 
n o t w i t h a n o x i d i s e d l e a c h i n g s o l u t i o n , a good e x t r a c t i o n o f t h e 
l e a d and s i l v e r c o u l d be o b t a i n e d by g i v i n g t h e o r e a c h e a p e r 
r o a s t w i t h o u t t h e a d d i t i o n o f a o h l o r i d l s l n g a g e n t . I n p e r f o r m i n g 
t e s t s o f t h i s n a t u r e , t h e raw o r e t o be r o a s t e d was washed t h o r ­
o u g h l y t o remove a l l t h e NaOl and t h e n d r i e d and a n a l y z e d . The 
a n a l y s i s was g i v e n i n T a b l e 6 . 
The r o a s t i n g was c a r r i e d o u t by p l a c i n g t h e o r e i n a 
c l a y d i s h and h e a t i n g i n an e l e c t r i c a l l y h e a t e d m u f f l e . The 
t e m p e r a t u r e o f r o a s t i n g was c l o s e l y c o n t r o l l e d and was m e a s u r e d 
by t h e u s e o f a p y r o m e t e r . The . j u n c t i o n o f t h e t h e r m o c o u p l e wee 
k e p t i n s e r t e d i n t h e r o a s t . A f t e r t h e r o a s t was f i n i s h e d i t was 
c o o l e d and a sample was t a k e n f o r a n a l y s i s . T a b l e 8 g i v e s t h e 
a n a l y s t s o f a number o f d i f f e r e n t o x i d i z e d r o a s t s . 
I I 




T o t a l B S u l p h a t e 
3 4 
1 2 2 0 ° 0 . 1 7 . 2 8 5 . 0 7 2 . 2 9 0 . 6 6 
450 1 7 . 3 0 5 . 2 0 1 . 5 3 1 . 4 3 
3 600 1 6 . 8 6 4 . 9 2 1 .46 1 .42 
4 $00 1 6 . 8 2 4 . 9 5 1 .25 1 .12 
5 700 1 6 . 7 0 4 . 8 7 1 .41 1 .32 
f 770 1 6 . 3 5 4 . 8 0 1 .09 1 . 0 6 
7 325 1 3 . 2 5 4 . 7 0 1 .06 0 . 9 9 
N o t e i Time o f r o a s t i n g was 1 $ h o u r s . 
Eaoh r o a s t was l e a c h e d w i t h o x i d i z e d anode s o l u t i o n . 
The t i m e o f l e a c h i n g was m a i n t a i n e d a t from 20 t o 24 h o u r s , s i n c e 
from t h e p r e v i o u s t e s t s t h e a c t i o n of t h e o x i d i s e d i r o n seems t o 
he f a i r l y r a p i d , and t h e r e was no a d v a n t a g e i n l o n g e r t i m e o f 
c o n t a c t . The f e r r i c i r o n i n t h e l e a c h i n g s o l u t i o n was k e p t i n 
e x c e s s and s u l p h u r i c a c i d was added t o f u r n i s h t h e n e c e s s a r y 
a c i d i t y . From t h e d a t a o b t a i n e d t h e s i l v e r and l e a d e x t r a c t i o n 
wee d e t e r m i n e d f o r e a c h r o a s t and i n F i g u r e 7 t h e e x t r a c t i o n h a s 
b e e n p l o t t e d a g a i n s t t h e t e m p e r a t u r e o f r o a s t i n g . 
The u p p e r and l o w e r c u r v e s show t h e c h a n g e s i n l e a d 
e x t r a c t i o n and i n s i l v e r e x t r a c t i o n , r e s p e c t i v e l y , w i t h t h e 
change i n t h e t e m p e r a t u r e of r o a s t i n g . The l e a d and s i l v e r 
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e x t r a c t I o n s from t h e raw o r e a r e a b o u t 67 and 70 p e r s e n t r e s p e c t i v e l y , 
a s i s a l s o shown i n Tab le 7 . As t h e o r e i s r o a s t e d a t h i g h e r t e m ­
p e r a t u r e s t h e l e a d e x t r a c t i o n g r a d u a l l y i n c r e a s e s u n t i l t h e s u l -
p h a t l s i n g t e m p e r a t u r e i n t e r v a l i s r e a c h e d —from 400 t o 500° 0 . 
Here t h e e x t r a c t i o n r a p i d l y i n c r e a s e s u n t i l n e a r 600° 0 . i t i s 
a l m o s t a maximum. However , t h e s i l v e r b e h a v e s v e r y d i f f e r e n t l y . 
The e x t r a c t i o n s t a y s n e a r l y c o n s t a n t a s t h e t e m p e r a t u r e o f r o a s t i n g 
i n c r e a s e s u n t i l t h e t e m p e r a t u r e of 4 0 0 ° C. i s r e a c h e d . From t h i s 
t e m p e r a t u r e t o 600° 0* t h e e x t r a c t i o n r a p i d l y d e c r e a s e s from n e a r 
67 p e r c e n t t o a b o u t 35 p e r c e n t . From 600° 0* t o 825° C. t h e 
e x t r a c t i o n s t i l l c o n t i n u e s t o d e c r e a s e t h o u g h more s l o w l y , b e i n g 
o n l y a b o u t 22 p e r c e n t a t t h e l a t t e r t e m p e r a t u r e * 
g x n l a n a t l o n o f D a t a * 
The i n c r e a s e o f l e a d e x t r a c t i o n w i t h h i g h e r r o a s t i n g 
t e m p e r a t u r e s i s a l m o s t c e r t a i n l y due t o t h e f o r m a t i o n o f l e a d 
s u l p h a t e o r p e r h a p s l e a d o x i d e , w h i c h c a n r e a d i l y be d i s s o l v e d . ^ 
The i n s o l u b l e compounds i n w h i c h t h e o t h e r 30 p e r c e n t o f t h e 
l e a d o c c u r s i n t h e raw o r e , a r e b r o k e n down a s t h e t e m p e r a t u r e 
i s i n c r e a s e d , and n e a r l y a l l t h e l e a d h a s become s o l u b l e a t a 
r o a s t i n g t e m p e r a t u r e o f 600° 0* 
The s i l v e r c u r v e c a n n o t be so r e a d i l y e x p l a i n e d . At 
t h e t e m p e r a t u r e whe re t h e l e a d e x t r a c t i o n i n c r e a s e s , t h e s i l v e r 
e x t r a c t i o n d e c r e a s e s so t h a t i n s t e a d o f s o l u b l e compounds f o r m i n g , 
i n s o l u b l e compounds r e s u l t . 
2-1: 
At t h e h i ^ i e r t e m p e r a t u r e s some s i l v e r m i n e r a l s may 
decompose a n d g i v e m e t a l l i 3 s i l v e r . I f m e t a l l i c s i l v e r we re o n l y 
s l i g h t l y d i s s o l v e d by t h e l e a c h i n g s o l u t i o n s such r e a c t i o n s ( o r 
such a r e a c t i o n ) miggit e x p l a i n t h e d e c r e a s e i n t h e s i l v e r e x ­
t r a c t i o n w i t h i n c r e a s e d r o a s t i n g t e m p e r a t u r e . To t e s t t h i s 
s u p p o s i t i o n , a sample o f p u r e s i l v e r f o i l was w e i r e d a n d p l a c e d 
i n a f l a s k w i t h some o f t h e o x i d i s e d l e a c h i n g s o l u t i o n . A f t e r 
r e m a i n i n g i n t h e s o l u t i o n a t room t e m p e r a t u r e f o r a b o u t 4 3 h o u r s , 
t h e r e m a i n i n g s i l v e r was removed , washed and w e l d e d . I t wee 
found t h a t a c o n s i d e r a b l e amount o f t h e s i l v e r had b e e n d i s s o l v e d . 
I n f a o t t h e s i l v e r c o n c e n t r a t i o n o f t h e s o l u t i o n was g r e a t e r t h a n 
t h e s i l v e r c o n c e n t r a t i o n i n t h e o r d i n a r y p r e g n a n t s o l u t i o n s . T h i s 
i m m e d i a t e l y d i s p r o v e d t h e s u p p o s i t i o n t h a t t h e f o r m a t i o n o f 
m e t a l l i c s i l v e r a c c o u n t s f o r t h e d e c r e a s e d s i l v e r e x t r a c t i o n . 
The n e x t e x p l a n a t i o n a d v a n c e d was t h e f o r m a t i o n , a t 
h i g h e r r o a s t i n g t e m p e r a t u r e s , o f compounds o f s i l v e r and a r s e n i c 
o r a n t i m o n y wh ich m i g a t be i n s o l u b l e I n t h e o x i d i z e d b r i n e . To 
t e s t t h i s e x p l a n a t i o n , p u r e compounds o f s i l v e r a n d a r s e n i c we re 
p r e p a r e d and t h e i r s o l u b i l i t y d e t e r m i n e d . The y e l l o w s i l v e r 
a r s e n i t e (AggAsOg) was p r e p a r e d by p r e c i p i t a t i n g i t from a 
s o l u t i o n o f AsgOg by t h e a d d i t i o n o f s i l v e r n i t r a t e . The r e d 
s i l v e r a r s e n a t e (Ag3As04) was a l s o p r e p a r e d by f u s i n g e q u a l p a r t s 
c f KRO3 a n d A s g D 3 , d i s s o l v i n g t h e r e s u l t i n g mass I n w a t e r , and 
p r e c i p i t a t i n g t h e s a l t by a d d i n g s i l v e r n i t r a t e . 
Samples o f t h e s l i v e r a r s e n l t e and a r s e n a t e we re w e i g h e d 
and p l a c e d I n f l a s k s w i t h t h e o x i d i z e d l e a c h i n g s o l u t i o n . O t h e r 
s ample s o f e a c h were p l a c e d i n p o r c e l a i n c r u c i b l e s and h e a t e d 
a b o v e 700° 0 . , t h e n c o o l e d and t h e i r s o l u b i l i t i e s d e t e r m i n e d . 
Upon h e a t i n g t o t h e above t e m p e r a t u r e , t h e AggAsOg decomposed 
b u t t h e AggAs04 r e m a i n e d u n c h a n g e d . A f t e r r e m a i n i n g i n t h e f l a s k s 
f o r o v e r 30 h o u r s a t room t e m p e r a t u r e , e sample o f t h e s o l u t i o n 
from e a c h f l a s k was a n a l y z e d f o r s i l v e r a n d f o r a r s e n i c . S a b l e 9 
shows t h e r e s u l t s o f t h e t e s t s . 
TABLE 9 . 
to M a t e r i a l 
Grams o f 
L la t . 
0 . 0 . 
7 o l . o f B r i n e 
g . p . l * 
Aff i n S o l . 
g . p . l . 
, As i n S o l . 
1 Ag3As0 3 1 g r . 200 0 . 7 2 0 . 8 1 
1 AggAsOg 2 g r . 200 0 . 8 2 1 .73 
H e a t e d above 
3 7 0 0 ° 0 . 
Ag^AsO 2 150 0 . 9 3 1 . 0 3 
4 AggAS0 4 Z 150 0 . 9 5 1 .36 
5 H e a t e d 
A63ASO4 2 150 0 . 9 9 0 . 8 5 
0 . S . F o r b e s * p e r f o r m e d e x p e r i m e n t s on t h e s o l u b i l i t y 
o f s i l v e r o h l o r i d e In sodium c h l o r i d e s o l u t i o n s * W i t h a b r i n e 
of ITaCl c o n c e n t r a t i o n c o r r e s p o n d i n g t o t h a t w h i c h i s n e c e s s a r y 
t o e x t r a c t t h e l e a d ( n e a r s a t u r a t i o n ) , he found t h a t a b o u t from 
0*7 grams o f s i l v e r p e r l i t e r t o 1*0 grams p e r l i t e r ( v a r y i n g 
w i t h t h e c o n o e n t r a t l o n ) mi&X be d i s s o l v e d by t h e b r i n e b e f o r e i t 
* a . S . F o r b e s , J . A. 0 . S . (1911) 3 3 , 1937 . 
become* s a t u r a t e d . Compar ing t h e r e s u l t s o f T a b l e 9 w i t h t h o s e o f 
F o r b e s g i v e n a b o v e , t h e s i l v e r - a r s e n i c compounds a r e found t o be 
s o l u b l e t o t h e e x t e n t t h a t s i l v e r c h l o r i d e i s s o l u b l e . The s i l v e r 
a r s e n l t e and t h e s i l v e r a r s e n a t e r e a c t w i t h t h e b r i n e p r o d u c i n g 
s o l i d s i l v e r c h l o r i d e , and h e n c e t h e s i l v e r s o l u b i l i t y s h o u l d be 
e x p e c t e d t o be t h e same a s t h a t o f s i l v e r c h l o r i d e i n t h e s e a t 
b r i n e s o l u t i o n . These t e s t s show t h a t t h e f o r m a t i o n d u r i n g 
r o a s t i n g o f e i t h e r s i l v e r a r s e n l t e o r s i l v e r a r s e n a t e c a n n o t 
a c c o u n t f o r t h e d e c r e a s e d s i l v e r e x t r a c t i o n . Time was l a c k i n g 
i n w h i c h t o d e t e r m i n e w h e t h e r s i m i l a r a n t i m o n y compounds may 
c a u s e a l o w e r e d s i l v e r e x t r a c t i o n . 
C o n c l u s i o n s on L e a c h i n g O x i d i s e d R o a s t s . 
From t h e e x p e r i m e n t s p e r f o r m e d t h e f o l l o w i n g c a n be s a i d 
c o n c e r n i n g t h e u s e o f b r i n e c o n t a i n i n g f e r r i o c h l o r i d e i n d i s ­
s o l v i n g t h e l e a d and s i l v e r from o x i d i z e d r o a s t s . F i r s t , t h e l e a d 
can be made r e a d i l y s o l u b l e by r o a s t i n g t h e o r e above 600° C , a t 
w h i c h t e m p e r a t u r e t h e l e a d i s p r e s u m a b l y s u l p h a t i z e d , and s e c o n d , 
t h e s i l v e r e x t r a c t i o n i s d e c i d e d l y l o w e r e d by r o a s t i n g a t h i g i 
t e m p e r a t u r e s u n d e r t h e c o n d i t i o n s o f t h e t e s t s ; t h e r e a s o n f o r 
t h e d e c r e a s e d s i l v e r e x t r a c t i o n c a n n o t be d e f i n i t e l y s t a t e d . 
I n summar i z ing t h e r e s u l t s of t h e r e s e a r c h i n v e s t i g a t i o n 
t h e f o l l o w i n g c o n c l u s i o n s may be drawnt 
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I i Almost c o m p l e t e p r e c i p i t a t i o n o f t h e l e a d may be 
e f f e c t e d by t h e u se o f a n e l e c t r o l y t i c c e l l . 
2 . By t h e u s e o f a c e l l w i t h a n i n s o l u b l e anode and 
a d i aph ragm t o p r e v e n t m e c h a n i c a l m i x i n g o f t h e a n o l y t e and 
c a t h o l y t e , f e r r i c c h l o r i d e may be g e n e r a t e d i n t h e b a r r e n 
s o l u t i o n f o r u s e i n f u r t h e r l e a c h i n g o p e r a t i o n s * 
3* W i t h t h e low l e a d c o n c e n t r a t i o n o f t h e p r e g n a n t 
s o l u t i o n , t h e c a t h o l y t e must be v i g o r o u s l y a g i t a t e d i n o r d e r 
t h a t a h i g h c u r r e n t e f f i c i e n c y be m a i n t a i n e d , The d e g r e e o f 
a g i t a t i o n r e q u i r e d i s d i r e c t l y r e l a t e d t o t h e c u r r e n t d e n s i t y , 
4 , By t h e use o f t h e o x i d i z e d l e a c h i n g s o l u t i o n t h e 
s i l v e r e x t r a c t i o n from t h e c o l o r i d i z e d c a l c i n e i s m a t e r i a l l y 
Improved . The l e a d e x t r a c t i o n I s n o t i n c r e a s e d t o any e x t e n t . 
I t b e i n g a l r e a d y v e r y higgi i n b r i n e c o n t a i n i n g no f e r r i c 
c h l o r i d e , 
5 , The b r i n e c o n t a i n i n g f e r r i c c h l o r i d e w i l l d i s s o l v e 
n e a r l y 70 p e r oen t o f b o t h t h e s i l v e r and t h e l e a d from t h e raw 
o r e . The r e m a i n i n g 30 p e r oen t o c c u r s i n i n s o l u b l e compounds 
w h i c h c a n n o t a t p r e s e n t be i d e n t i f i e d , 
6 , By g i v i n g t h e o r e a n o x i d i s i n g r o a s t a t o r a b o v e 
t h e s u l p h a t i z i n g t e m p e r a t u r e s (be tween 4 5 0 ° C, a n d 500° C , ) t h e 
l e a d e x t r a c t i o n i s v e r y h i g i . However , upon r o a s t i n g a b o v e 4 0 0 ° 0 . 
t h e s i l v e r e x t r a c t i o n r a p i d l y d e c r e a s e s . The r e a s o n f o r t h e 
d e c r e a s e d s i l v e r e x t r a c t i o n from t h e o x i d i z e d r o a s t h a s n o t 
s e e n d e f i n i t e l y d e t e r m i n e d . 
